The changes in our society in recent years and the consequent idiosyncrasy of young people demand new teaching methodologies. The methodology known as flip teaching, in which pupils study the subject before the class experience, using the material given by the teacher, makes it possible to turn the classroom into a place to solve different problems, to introduce new advanced concepts and to participate throughout collaborative learning in the classroom. Parallel to the social transformation, Information and Communication Technologies, also known as ICT, have undergone an important development accompanied by a clear reduction in costs and ease of use of different devices to create and edit quality videos, as well as the possibility of disseminating them on the network. In this way, the didactic material provided to the student can be in video format, which let us to be closer to students and also allow them to revise the class everywhere and all the times they need. In this work, we present and discuss the results of an experience carried out over several years with students of first and fourth grade of the subjects Discrete Mathematics and graphs, models and applications, respectively, at the Universitat Politècnica de València, in relation to the acceptance, advantages and drawbacks of flip teaching.
Introduction
The changes that have led to the methodology known as flip teaching have their roots in the social transformations resulting from the stability and democratization of society, the development of new pedagogical lines and the exponential growth of technology. In relation to information and communication technologies, ICT, it is important to highlight that their development is accompanied by a clear reduction in costs and greater ease in the handling of different devices to create and edit quality videos, as well as to hang them almost automatically in the network.
However, it is crucial to bear in mind that for young people, among whom students are, this technological change has not taken place. Therefore, a change in our way of teaching is necessary to get closer to their way of learning and communicating.
In the university context, an effort of compression and analysis on the part of the students is essential. The students' attention is usually difficult to maintain since they get bored easily, probably due to the fact that they are used to obtain information quickly and immediately. They arrive at the university with a base and interests that are far from what we expect, at least as far as mathematics is concerned, so it is difficult to help them to develop reasoning and deduction skills. In many cases, they consider that the contents exposed by the teacher are clear, so they do not need to spend time to a further analysis [1] . Taking this into account, a change in the methodology is necessary so that students can occupy a more important position in the learning process.
One of the challenges of a teacher is to ensure that the time shared with students in class is as fruitful as possible, making meaningful learning to be foster to allow future graduates to continue learning by themselves throughout their lives. Flip teaching is an evolution of the category of the teaching methods known as "peer instruction" [2] and "just-in-time teaching" [3] , in which the basis is to obtain the maximum performance in the classroom, where the events that have traditionally taken place inside it, now are performed outside it [4] , so the classroom becomes a place to carry out a more collaborative learning [3, 5, 6] . In this methodology, the didactic materials play a key role, so having a good and easy access to ICT will be of great help.
There are studies based on the application of this methodology in mathematics class with results and perceptions of the students. Thus, we can mention that, in relation to the final exams, the studies presented by Talbert [7] , McGivney-Burelle and Fei Xue [8] and Love, Hodge, Grandgenett and Swift [9] , show that students who have worked with flip methodology get similar marks in the exams to students who have followed a magistral methodology and, in relation to the videos, students think that their use is an effective way to learn new skills in mathematics. On the other hand, the results also show that they feel more comfortable when they use this methodology and that their perception of the usefulness of mathematics in their disciplines is greater than that of students in magistral classes.
The Universitat Politécnica de Valéncia (UPV) developed Polimedia in 2003, which is a system for recording High Definition (HD) videos of learning objects, using low-cost audio-visual studies [10] , to be distributed offline through a learning management system, (Sakai). Within the program "Docencia en Red" (teaching in network), developed as technical support for the teachers to record Polimedia videos, some of them are an important part of an OpenCourseWare (OCW) [11] and two massive online open courses (MOOC), [12, 13] . This online material is related to the subjects: Discrete mathematics (MAD) and graphs, models and applications (GMA), respectively, of first and fourth grades at the School of Higher Computer Engineering (ETSINF) of the UPV [14] .
The commented videos, as well as those collected in https://bit.ly/2qVGWpQ have been the point of support for modifying our methodology towards flip teaching [15] [16] [17] [18] [19] [20] . This is characterized, as we have said above, by exchanging the role of the student inside and outside the classroom. The most outstanding difference with magistral type methodologies is that, in this case, the student acquires the relevant information to be treated independently and prior to the classroom session, working with the materials proposed by the teacher. Consequently, the role of the teacher is also modified. In addition to the design of activities and teaching material, he also facilitates the teaching-learning process through the interaction with students in the classroom [21] .
We do not mean that flip teaching is the panacea of teaching methods, therefore, it is necessary to take into account its drawbacks at the time of its application. Among these, we emphasize that success depends on the interest of the students more than in the case of magistral methodologies, so that if the number of students in the group is large, in addition to the difficulty entailed by this fact, the implementation of the new methodology can be more complicated. In addition, according to the requirements of the agenda, the use of this methodology may require more time, so sometimes it can involve an extraordinary effort for the students.
In relation to the student, the most common risk factors, according to our experience, that can influence in the success of the methodology are [22] as follows: In order to analyze the opinion of the students of the subjects of MAD and GMA about flip education, we have proposed different on-line questionnaires using Google Docs [21] [22] [23] during the last eight years. We highlight a qualitative survey conducted in the fourth year of the grade of Computer Engineering [24] . We want to remark that since we have asked about different aspects of the subject, not only about flip teaching, and being that the profile of both subjects very different, the surveys of both courses did not have exactly the same questions.
In Section 2, we present how we implemented this methodology in our subjects, MAD and GMA, with the aim of achieving the objectives set, and expose the dynamics followed for the collection of data after the experience. In Section 3 we show the results obtained and, finally, in Section 4, we collect some ideas, as a conclusion, that may be useful at the time of implementing the methodology.
Methodology
The way of flip teaching methodology implementation in the classroom varies greatly from one subject to another and from one teacher to another. We present below the key points of our experience.
Objectives
The main objectives of our work are:
−
To promote good habits of study of the students of MAD and GMA such as:
To insist on the advantages of taking notes. −
To read carefully, underlining if necessary, the statements of problems. −
To value the importance of the development that leads to a solution.
− To facilitate a good and deeper understanding of the concepts to study. It is known that listening to something for the first time does not mean that it has been assimilated and that it can be remembered, although it had been perfectly understood. It is during the work of analysis, more than during the face-to-face session, when doubts or new questions may arise. On the other hand, if the student has to learn the concepts that will be worked in the classroom previously, he will be more receptive, the explanations provided by the teacher will be more useful and their questions will receive an immediate answer. In addition, immediate feedback from the teacher allows a deeper learning of the subject and helps to learn through practice, an aspect that is more difficult to obtain with a traditional methodology. −
To work on the improvement the coherent and intelligible expression of their ideas being able to defend them in a reasoning way. Verbal participation in class improves this competence. −
To encourage continued study as the only way to achieve meaningful learning. −
To facilitate the learning process. The student has to study the new content at home, a task that can be complicated or tedious, so the didactic materials provided should be very clear and attractive. In return, the gaps that may have arisen will be filled in the face-to-face class and, in the work at home after the class, he will not find great doubts about the content worked in the classroom, as often happens in traditional teaching. − To improve motivation, as indicated by Bishop and Verleger in [25] . In general, the application of this methodology increases students' motivation to go to class. Due to the lack of training in scientific understanding, mathematical arguments are difficult to follow, which causes lack of interest in this area. The flip methodology, without investing so much time in the theoretical part, allows us to pay more attention to the aspects in which the students may have more difficulties and/or interest and influence positively on students' motivation. −
To achieve more participatory classes. Turning the classroom into a discussion space leads, naturally, to better a communication between teacher and students, and, as a consequence, allows the teacher to know the cognitive skills, the involvement and interest in the subject of their students better.
Teacher's Activities
The activities that the teacher has carried out in this experience are shown in Table 1 . Table 1 . Teacher's activities.
Activities to Be Done by Teachers

−
To give information at the beginning of the course. The teacher has to encourage students through a stimulating face-to-face class in which and, in addition, explain the advantages of this methodology [7, 26, 27] . −
To provide a weekly tutorial. Good programming is essential for a successful implementation of this methodology, so the guide with the details of the work to be done has to be published weekly. −
To provide teaching materials. In our case, in addition to collections of problems, we have opted for Polimedia videos which are very clear, detailed and precise and have higher acceptance among young people than the written material. However, the use of videos can affect the benefits that reading scientific texts provides in relation to learning this type of language. Therefore, a formal language, both verbal and written, is necessary to be used and demand. −
To give importance to formative evaluation. As a part of the training process, the evaluation has to be continuous and parallel to the learning process. Therefore, the participation of the students in the classroom, the score obtained in the problems presented and in tests solved by Poliformat (Sakai platform) are taken into account. These activities are part of a formative evaluation in addition to the summative one. In the groups of MAD in first year, which are more numerous than those of GMA in fourth year, we also do an exam at the end of the semester.
In the fourth year, this exam is replaced by the reading and presentation of a scientific work.
Student's Activities
The activities that students have to perform are shown in Table 2 . Table 2 . Student's activities.
Activities to Be Done by Students
− Resolution of questions related to the material previously studied. The battery of questions that collect the previous work of students as a review is focused to clarify those points that, by experience, are gaps or conflicting points. We want to remark that this activity facilitates the habit of participating in the classroom. −
Problem solving as part of the evaluation. The collection of problems proposed to be solved by students outside the classroom in groups of two or three members are corrected and returned within a week. The goal is to verbalize their ideas and to choose the best solution after a peer-to-peer discussion. This cooperation encourages the acquisition of transversal skills such as the improvement in the use of scientific language and the ability to work in groups [1] . − Solving reinforcement problems for the classroom. They are part of their individual work and involve fewer difficulties than those of the previous item. They are solved at home and corrected in the classroom to reinforce and complement the arguments that take place in the face-to-face session after watching the videos. −
The reading and presentation of a scientific article. This is a proposal just for the students of GMA and consists of making and presenting a poster that summarizes a scientific article.
Sample
•
The collected data correspond, on the one hand, to a pilot group (Project flip classroom 2015) of flip education in the academic year 2017-2018 with 24 students who used the methodology 6 h per week during 15 weeks, to the double degree of Computer Science and Business Administration in the academic year 2016-2017 (both theory and practice) with 46 students who used methodology 4.5 h per week during 15 weeks, and to two practice groups of 45 students of the 2017-2018 academic year who used the methodology 1.5 h per week during 9 weeks, all of them from the first MAD subject (ETSINF). It is important to mention that the aforementioned students of the practice groups had teachers who followed a magistral methodology in theory classes.
The rest of the data corresponds to the GMA subject (42 students) during the courses 2013-2014 to 2017-2018 who worked with methodology 4.5 h per week over the course of 10 weeks.
The number of students enrolled in the GMA option is approximately 18 each year, so we have grouped their answers in a single table to compare them with the results corresponding to the MAD subject.
Information Collection Tools
The data has been collected through on-line questionnaires using Google Docs in which various items were evaluated on a Likert scale (1 to 5, 1 being totally disagree and 5 totally agree). In the surveys there are always several open-ended questions, which, although they do not allow to obtain objective values of comparison, provide a very clear and global view of the students' opinions on the applied methodology.
Data Analysis
We have studied the descriptive statistics of the evaluations of the students of each item of the questionnaire and we have analyzed the correlations between some of them taking into account that we are working under nonparametric assumptions and that, therefore, the statistic that has been taken is the Spearman´Rho. The null hypothesis established is that there is no correlation at a significance level of 0.01. In the case that the value obtained after the analysis of the correlations with the SPSS statistical package is less than 0.01, the null hypothesis can be rejected and we can conclude that there is a significant correlation between the different items.
Results and Discussion
Descriptive Analysis
In Tables 3 and 4 and Figure 1 are part of the results of the questionnaires previously commented. The teacher-student interaction generated by the flip methodology helped my learning 3.88 3.44 3. 17 5 In general I liked the methodology followed in class 3.81 4 3.29 5 Table 4 . Average results of the questionnaire of students of fourth course.
Graphs, Models and Applications (GMA) Qualification Obtained Maximum Qualification
Average qualification in GMA 8. 22 10 To know a priori the contents to work in class favors my learning 4 5 The flip methodology (watching videos at home and using class time to clarify, deepen, relate concepts and solve exercises) helped my learning 4.18 5
The workload of GMA subject is adequate 3.54 5
The amount of non-contact work required by this subject is equivalent to that required by a more magistral methodology 2.80 5
The teacher-student interaction generated by the flip methodology helped my learning 4. 24 5 I am satisfied with the quality of the subject 4.62 5
In light of the results obtained, we consider four new factors that influence the success of flip teaching:
−
Number of hours of flip teaching. In the case of the students of MAD, those of the pilot and Computer Engineering and Business Administration groups, expended 3 h of theory per week for 15 weeks and 1.5 h of practices per week for 9 weeks. However, for students who only received instructions with this methodology in practices, the schedule was 5 h per week for 9 weeks. This is one of the reasons why the teacher-student interaction, as well as the adaptation time to the new methodology is much shorter in the second case. In addition, students consider the practices as secondary and estimate, erroneously, that the effort to be made must be less than in theory. − University access mark. In relation to the level of the students when arriving the university, we emphasize that both the students of the double grade and those who only received flip teaching in practices, have the best access qualifications. The pilot group has a different profile, since it was formed at the explicit request of the students. − Group size. The double grade group had the higher number of student, 46, which lead us to think that students appreciate this methodology better when the group is more reduced. −
Course. The students of the fourth grade chose the subject as an elective, which presupposes an interest in it.
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−
Course. The students of the fourth grade chose the subject as an elective, which presupposes an interest in it. Taking into account the aforementioned factors, we analyze the data collected following two aspects:
Comparison of students of MAD corresponding to the pilot and the double grade groups and the practices groups.
The mark obtained in the subject depends on the access qualification to the UPV. −
In the question about whether flip teaching favors learning, the highest values are obtained by the pilot group, followed by the groups of practices. The fact that the score obtained in the double grade is a little lower than in the pilot group may be due to the number of students in the group, as it was practically double that in the other cases, as commented above. In the case of the group of practices, we believe that their opinions depend on the lower contact time with this methodology and their perception of the amount of effort that they should dedicate to the practices. −
Regarding the interaction with the teacher, the highest values were obtained again in the pilot group. However, the double grade group scores are higher than the in the practices group, which we believe is a consequence of the lower number of class hours received using this methodology.
− About whether they liked the methodology, we observed a change in the data in relation to the pilot group and the double degree group. The score of the groups of practices in this case moves away from these values, possibly for the reason previously adduced.
Comparison of the MAD flip pilot group and the double group with the GMA fourth group.
In the questions referring to whether the methodology and the interaction with the teacher favor learning, the students of GMA scored higher than the ones of MAD. We could find an explanation based on the level of maturity of the students.
Correlation Analysis
We have observed the correlations between the different items shown in Table 5 throughout the Spearman's Rho statistic according to the preference or not for the flip methodology in the students of MAD. Table 5 . Correlations between the items among MAD students (Spearman's, ** significant correlation at 0.01 level, C.C. means correlation coefficient and Sig. means signification, Trad. alludes to students rather than traditional methodology). − Among the students who prefer flip teaching:
MAD Qualification
− There is negative significant correlation of −0.525, between the qualification obtained with the difficulty they consider the subject implies. If the subject seems difficult for them, it is more difficult to study and consequently they get lower marks. This relation is not appreciated among those who prefer a magistral methodology. −
There is also a positive correlation, 0.562, between the fact that exercises and tasks have helped them in the learning of the subject and the qualification, that means that the more useful the exercises are, the better are the marks obtained. This situation is not the same among students who opted for a magistral methodology. −
There is also a significant correlation of 0.574 between the qualification and the fact that they like the methodology. We can deduce that if they enjoy learning while they get better grades. −
The effort is related to the work environment and the taste for the methodology (0.564 and 0.559 respectively), which means that the better the working environment and the more they enjoy it, the harder they work This significant correlation is not seen in the group that prefers the magistral methodology. −
The taste for the MAD subject is related to consider that the exercises and tasks, the rhythm of the class and the environment are adequate (0.623, 0.544 and 0.534 respectively). − Watching videos at home improves the interaction with the teacher (0.776) and makes they feel better prepared for the exam (0.686).
− A greater interaction with the teacher also leads them to be better prepared for the exam (0.764).
−
Among students who prefer the magistral methodology there are fewer significant correlations:
Regarding the correlation between the qualification obtained with the effort made throughout the course, a coefficient of 0.765 is obtained in the group that would opt for magistral teaching. −
The rhythm in the classroom is related to the good environment (0.739).
Both the difficulty of the subject and the usefulness of the exercises are more perceived when flip teaching is used rather than in the magistral method, since it involves a continuous work that allows students to be more aware of both aspects. Moreover, for students who prefer the magistral methodology, daily work requires a lot of effort, while those who have chosen flip teaching have adapted to study daily, to invest a certain amount of time each week in the subject, and that adaptation makes them consider that the necessary effort is less.
We can conclude that the flip methodology favors collaborative learning environments and the results of the third item are also very positive, as it follows that the flip methodology makes the teacher-student interaction better, an aspect that influences their preparation for the exam.
Conclusions
Flip teaching is presented as an adequate option to improve the teaching-learning process of students in today's society. The exposed results, related to the different experiences made in the class and the subsequent analysis of the results obtained in the questionnaires, have given us a clear idea of the advantages and disadvantages that this methodology presents.
In relation to the stated objectives, we point out that they are have been reached according to the level of involvement of the student in the process. The method mainly benefits the liable students who attend class and are guided by the teacher.
It is also important to mention that it can be difficult to expect students to watch the videos before the class session if they do not feel pressured. An opinion shared by most of the students of all these years, is that it involves a continuous work, the workload being very large, but that allows the student to obtain better results. Therefore, in some courses, students have to answer to a simple test before each face-to-face session (held on the Poliformat platform). This fact is considered crucial for the correct implementation of the methodology because all students have to participate in the development of the class. In this line, knowing the names, or nicknames, of our students and using them whenever we have the opportunity, means a big change in the classroom environment. This also leads to more dynamism in the classes where students really appreciate the interaction with the teacher.
Regarding the teaching organization, it is convenient, although not always possible, that the face-to-face classes are not on correlative days, since this interferes with the completion of work at home. Moreover, much of the success of the methodology lies, in our case, on the good weekly program of the course and on the Polimedia videos, whose use is unanimously recognized by the students, as well as in the question-answer format used and the climate generated in class.
Flip teaching has some disadvantages that can be difficult in terms of a successful implementation, depending on the level of the group and the number of students, but we believe that it is an experience that is worth pursuing, despite the work involved, because the results can be very satisfactory. However, if the teacher does not get the group involved, it will be necessary to adapt the methodology to problems raised. What seems unquestionable for us is that it promotes a more meaningful learning experience, in which the learning process of the student will be much more fruitful, comfortable and lasting. 
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